The thermal change in the hypothalamus, the thermoregulatory center, of the ex perimental animals has been usually measured by use of a thermocouple or a needle formed thermistor inserted through the skull and the brain parenchyma. However, these procedures may be unsuitable for a longterm, observation of the body temperature because the insertion of the thermodes causes considerably widespread damage of the brain tissues, particularly the hypothalamus.
at 20-24°C. The animal was fixed on a animal board in a supine position.
By the longitudinal medioanterior incision of the skin in the neck, the anterior neck muscle, trachea and both common carotid arteries were carefully separated under ether anesthe sia. After the insertion of the trachea cannula both common carotid arteries were exposed in length of about 3 cm. The modified apparatus of Kahn (6) , as shown in Fig. 1 , was used for cooling or warming the exposed length of the arteries. In this apparatus the parts of metal tubes covered with thick plastic membranes served to hold arteries within and to avoid giving additional effects to the surroundings during the experimental procedure. The arteries were cooled by irrigating cold water at 5, 10, 15 and 20°C through the metal tubes of the apparatus from a Thomas bottle for 6 minutes at a speed of 15 ml/min. Similarly, the carotid arteries were warmed by the irrigation of water at 50°C for 8 minutes at a speed of 40 ml/min. The experiments were never started at least earlier than 2 hours after the termination of the surgical procedures and ether anesthesia. Tympanic membrane temperature was measured by means of thermistor, its diameter being about 2 mm, covered with plastic coating. The tip of the thermistor was attached to the surface of the tympanic membrane through the external auditory canal. There after, the external auditory canal was plugged with cotten to protect from undue in fluence of environmental temperature.
For the recording of brain temperature the head of animal was fixed on a stereotaxic instrument of Sawyer et al. (7) in a natural position, and the skull was trephined. The similar type of thermistor to that used for the measurement of the tympanic membrane temperature was inserted into the lateral region at 2 mm distance from the anterior hypothalamus. According to Sawyer's map (7) the site of the tip of the thermistor was 0.0 (Frontal), 3.5 (Lateral), -2.0 (Horizontal). The temperature of this region was designated as the brain temperature, and no damaged of the thermoregulatory center was expected. Rectal temperature was measured by use of the thermistor mounted on the catether and fixed at the depth of about 6 cm from the sphincter ring.
The drugs used were pentobarbital sodium , chlorpromazine hydrochloride, strychnine nitrate, pentylenetetrazol, Pyrexal (lipopolysaccharide from S . abortus equi) and gallamine triethiodide. They were all injected into the marginal vein of the ear .
RESULTS
I. Correlation between body temperature and fixed condition of the rabbit Table 1 shows a relationship between the rectal and tympanic membranes tempera tures in the unanesthetized rabbits 2 hours after a fixation of the neck , a fixation on the animal board in a supine position and a fixation on the stereotaxic instrument in a natural position. When the spontaneous movement of the animal was prevented by fixing the neck, the rectal temperature was 39. III. Effect of Pyrexal and chlorproma zine on the brain, tympanic membrane and rectal temperature When the body temperature showed the steady level about 2 hours after the fixation on the stereotaxic instrument, 5 ,ug/kg of Pyrexal was injected intravenously. As shown in Fig. 3 , the brain, tympanic membrane and rectal temperatures rose progressively and reached a first peak at 1.5 hours after the injection. Thereafter, the fever curves showed a second peak at 3 hours after the drug adminis tration. The second peak was slight ly higher than the first one, parti cularly in the brain and tympanic membrane.
The hypothermic effect induced by the intravenous injection of 5 mg/kg of chlor promazine is illustrated in Fig. 4 . The brain, tympanic membrane and rectal tempera tures decreased rapidly and reached their lowest levels at 2 to 2.5 hours after the drug administration. The maximum temperature decrease was 1.85°C in the brain, 1.65°C in the tympanic membrane and 2.00°C in the rectum. The decreasing response of the tympanic membrane temperature more resembled to that of the brain temperature, rather unlikely to that of the rectal temperature. The rectal temperature, how ever, did not rise during and after the carotid warming.
V. Effect of pentobarbital sodium, chlorproma zine., strychnine and pentylenetetrazol on the change of tympanic membrane temperature inaucea oy the carotia tooting The intravenous injection of 10 mg/kg of pentobarbital sodium caused no significant change in the body temperature of the restrained, unanesthetized rabbit in a supine position at 15 minutes after the drug administration.
When both common carotid arteries were cooled down with cold water at 5°C, the tympanic membrane tempera ture declined rapidly and the mean temperature decrease was 2.30-±-0.13°C at 6 minutes after the onset of carotid cooling. As soon as the cold stimulation was removed, the tympanic membrane temperature turned to increase abruptly. The rectal temperature, however, showed a slight decrease during and after cooling the common carotid arteries. The pretreatment of the animal with 10 mg/kg of pentobarbital sodium did not modify the decreasing responses of the tympanic membrane and rectal temperatures to cold stimulation of the common carotid arteries (Fig. 7) . The intravenous injection of 5 mg/kg of chlorpromazine in duced a decrease in the body tem perature. At 15 minutes after the administration of chlorproma zine the lowering of the tympanic membrane temperature was 0.95 °C and that of the rectal tem perature was 0.45°C. The decreasing effect of the carotid cooling (5°C) on the tympanic membrane temperature of the animal pretreated with the above-described dose of chlor promazine was almost similar in magnitude to that of the untreated rabbit, and the mean temperature decrease in the former animal was 2.33±0.30°C at 6 minutes after the carotid cooling.
The pretreatment of the animal with 10 mg/kg of pentylenetetrazol or 0.1 mg/kg of strychnine did not also modify the decreasing responses of the tympanic membrane temperature to the carotid cooling (5°C). These results are presented in Fig. 7 .
VI. Effect of the carotid cooling and warming on the respiration
The respiratory frequency of the restained , unanesthetized rabbit in a supine posi tion was in the range of 38 to 52/min in a resting state. Amplitude and frequency of the respiration increased immediately after the carotid cooling (5'C) . The respiratory frequency showed an increase of about 15% at 1 minute after the onset of cooling , and reached an increase of 30% at 6 minutes after . About 7 minutes after the removal of the cold stimulation, the amplitude and frequency of respiration was restored to the normal level.
FIG. 8. Effect of carotid cooling (5°C) and warming (50°C)
on the respiratory frequency.
At 15 minutes after the intravenous injection of 10 mg/kg of pentobarbital sodium or 5 mg/kg of chlorpromazine respiratory frequency showed a decrease of 20 to 40%. The increasing effect of the respiratory frequency and depth induced with the carotid cooling was fully blocked by the pretreatment of pentobarbital sodium or chlorproma zinc. On the other hand, the increasing effect of the respiratory frequency induced by the cold stimulation was not affected by the pre-injection of 10 mg/kg pentylenete trazol or 0.1 mg/kg strychnine.
No significant change of the respiratory frequency was observed during and after the carotid warming (50'C). These results are illustrated in Fig . 8 .
VII Effect of the carotid cooling and warming on the blood pressure
The blood pressure of the unilateral femoral artery was recorded on the smoked paper via a mercury manometer. In the unanesthetized rabbit the spontaneous undula tion of the blood pressure in the range of 3 to 5 mm Hg was observed . During the carotid cooling (5°C) and several minutes after the removal of the cold stimulation, the spontaneous undulation of the blood pressure increased in frequency and amplitude , as shown in upper record in Fig. 9 . Lower record of Fig. 9 presents the effect of the carotid cooling (5°C) on the blood pressure of the animal immobilized with the intra venous injection of 1.5 mg/kg of gallamine triethiodide under the artificial respiration . The carotid cooling caused a very slight but progressive fall of the blood pressure which was about 4 mm Hg at 6 minutes after the onset of cooling . On the other hand, the carotid warming (50°C) produced no significant change of the blood pressure in each case.
VII_j Effect of the carotid cooling and worming on the heart rate
The heart rate of the rabbit fixed in a supine position was usually in the range of 230 to 300/min. No significant change of the heart rate was observed during and after the carotid cooling (5°C). The carotid warming, however, caused an increase of 5 to 7% in the heart rate.
DISCUSSION
It is a well-known observation that the body temperature of the experimental animals varies with fixed conditions of the animals. Kobayashi (8) has reported that the rectal temperature of the unrestrained, unanesthetized rabbit is 39.26±0.20 (standard devia tion) °C at a room temperature of 7 to 28'C. It has been demonstrated by Nishimura and Iwagaki (9) that the fixation of the rabbit on the animal board in a supine posi tion produces a decrease of the rectal temperature from 38.99yC (normal level of the unrestrained animal) to 37.18°C at 2 hours after the fixation. Yasuda (1) has also showed almost same value (37.19-±-0.63°C) of the rectal temperature in the rabbit at 1.5 hours after the fixation in a supine position. Ban (10) has roported that the rectal tempera ture of the rabbit fixed on the stereotaxic instrument in a natural position shows a mean value of 37.7'C and ranges from 34.7 to 40.7yC at the 95% rejection limit. In the present experiments the rectal temperatures of the rabbits fixed of the neck, fixed on the animal board 'in a supine position and fixed on the stereotaxic instrument in a natural position were 39.30, 37.25 and 37.15°C, respectively. Although the rectal temperature of the animal fixed on the stereotaxic instrument in our experiments was slightly lower than that showed by Ban, other values of the body temperature in the present experi ments agreed approximately well with those presented by the above-mentioned authors.
The tympanic membrane temperature was usually lower than the rectal temperature. Particularly, the tympanic membrane temperature was 36.15°C in the animal fixed on the stereotaxic instrument, and the difference between both rectal and tympanic mem brane temperatures increased to 1.00°C. The lowering of the tympanic membrane tem perature may be caused by fixation of the head and trepanation to the skull.
Insertions of a thermistor and a therrnode in the hypothalamus are non-physiological procedures for a measurement of body temperature. These procedures may change the response of body temperature to endogenous or exogenous thermal stimuli. Further, the possible widespread damage of the thermoregulatory structures induced by the proce dures is likely to obscure a correct judgement on the mode of action of pyrogenic substances and hypothermic agents. At first, the experiments were performed in order to investigate a parallelism between the brain temperature and the tympanic membrane temperature. The rabbit was fixed on the stereotaxic instrument in a natural position. One thermistor was inserted into the lateral region at 2 mm distance from the anterior hypothalamus for a meausure ment of brain temperature, and other thermistor was placed at the surface of tympanic membrane through the external auditory canal. If the tympanic membrane tempera ture changes in parallel with the brain temperature, the former may be regarded as an indicator of the latter. If then, it may be some reflection of the brain temperature of the unrestrained and unanesthetized animals without operative procedure.
In the present experiment both brain and tympanic membrane temperatures decreased immediately after the carotid cooling. Though the decline of the tympanic membrane temperature lower than that of the brain temperature, the mean decreases of both tem peratures at 6 minutes after the onset of carotid cooling showed no significant difference. When the cold stimulation was cut off, the tympanic membrane temperature turned to increase abruptly but the brain temperature turned to rise about 30 seconds after the interruption of carotid cooling. On the other hand, the rectal temperature showed only a slight decrease during and after the carotid cooling. In the case of the carotid warming the thermal responses of the tympanic membrane temperature and the brain temperature showed an almost similar progress, but the rectal temperature failed to elevate during and after the carotid warming. The time courses of the tympanic membrane temperature affected by pyrogenic substance (Pyrexal) and chlorpromazine resembled to those of the brain temperatue rather than those of the rectal temperature.
These results indicate that the change of tympanic membrane temperature coincide approximately well with that of the brain temperature, although the temperature of the brain was slightly higher than that of the tympanic membrane.
In the rabbit fixed on the animal board in a supine position, the effects of carotid cooling and warming on behaviors, tympanic and rectal temperatures, respiration, blood pressure and heart rate was observed. During the carotid cooling the animal showed the excitatory behavior, shivering, pallor, increase in amplitude and frequency of the respiration and increase in frequency and amplitude of the spontaneous undulation of the blood pressure.
The tympanic membrane temperature decreased immediately after the carotid cooling, and maximum temperature decrease was over 2°C by the cooling of 5°C cold water. The rectal temperature, however, showed a slight decrease during and after the carotid cooling. The pretreatment of the animal with pentobarbital sodium, chlorpromazine, pentylenetetrazol and strychnine failed to modify the decreasing responses of the tympanic membrane temperature to the carotid cooling.
On the other hand, during and after the carotid warming the animal showed a resting behavior and even appeared asleep. The heart rate increased slightly, but the respiration and the blood pressure showed no significant change by the warm stimula tion. The tympanic membrane temperature started to rise immediately after the carotid warming, while the rectal temperature did not elevate.
Kahn (6) has designed an apparatus for warming both common carotid arteries and has studied the influence of the carotid warming on the pharyngeal and rectal tempera tures, respiration, blood pressure, heart rate, urination and perspiration. He has report ed that marked increase in frequency and depth of the respiration, slight elevation of the blood pressure and slight increase of the heart rate are induced by the carotid warming.
In his report, however, the carotid arteries were warmed over 30 minutes and the maxi mum increase of the pharyngeal temperature reached 5 to 6°C. In the present experi ment, no significant change of the respiration and the blood pressure was observed by the carotid warming (50`C) during 8 minutes.
Hemingway et al. (11) In the experiments of direct local cooling and warming of the thermoregulatory center the widespread damage of the brain tissues by the operative procedures is one of the perplexing problems.
The present experiments show that the measures of tym panic membrane temperature passing through the external auditory canal is regarded as close as feasible to the temperature of hypothalamic area.
An observation made in another series of experiments (16) indicates that the carotid cooling produces arousal patterns of the cortical electrical activity, while the carotid warming shows synchronization of the EEG. Further studies should be needed to eluci date the correlation between the change of circulating blood temperature in the brain and the activity of the central nervous system.
SUMMARY
The changes of brain, tympanic membrane and rectal temperatures, behaviors, respiration, blood pressure and heart rate induced by cooling and warming both com
